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Description 

CARDIAC IMAGING SYSTEM AND 
METHOD FOR QUANTIFICATION OF 
DESYNCHRONY OF VENTRICLES FOR 
BIVENTRICULAR PACING 

Background of the Invention 

[0001] The present disclosure relates generally to cardiac rhythm 
management systems and, more particularly, to a cardiac 
imaging system and method for quantification of desyn- 
chrony of ventricles for biventricular pacing. 

[0002] | t j S estimated that approximately 6-7 million people in 
the United States and Europe alone have congestive heart 
failure (CHF), with ischemic and idiopathic cardiomy- 
opathies being the most common causes of CHF. In about 
20-50% of patients having CHF, the associated electrocar- 
diograms are characterized by prolonged PR intervals and 
wide QRS complexes. Moreover, about 29% of these pa- 
tients have left bundle branch block (LBBB). 



[0003] | n a normal heartbeat, the electrical conduction begins in 
the sinoatrial (SA) node (a small group of muscle cells in 
the upper right part of the upper right heart chamber, i.e., 
the right atrium). Impulses sent out by the SA node spread 
quickly throughout the upper heart chamber and across 
the atrioventricular (AV) node. Once past the AV node, the 
electrical signals travel through a bunch of fibers called 
the bundle of His, which passes the signals the rest of the 
way through the wall separating the upper and lower heart 
chambers, splitting down the right and left bundle 
branches to reach each part of the ventricles. 

[0004] However, in those patients with CHF and LBBB, a long me- 
chanical delay in the left side of the heart leads to a de- 
layed left ventricular ejection due to delayed left ventricu- 
lar depolarization. In other words, LBBB causes an asym- 
metrical contraction of the right and left ventricles. In ad- 
dition, this condition (also known as desynchrony) may 
also result in different regions of the left ventricle not 
contracting in a coordinated fashion. This irregular motion 
is characterized by shortening of the septum, followed by 
stretching of the lateral wall. Subsequently, the lateral wall 
then shortens and the septum stretches, thereby causing 
an ineffective contraction of the left ventricle. 



[0005] Cardiac resynchronization therapy, also known as biven- 
tricular pacing, is an interventional procedure in which 
both the right ventricle and left ventricle of the heart are 
paced simultaneously to improve heart pumping effi- 
ciency. In one example of a conventional biventricular 
pacing procedure, both the right ventricle and right atrial 
leads are first positioned. Then, a sheath is positioned 
within the coronary sinus (CS) and a CS angiogram is per- 
formed in order to delineate a suitable branch for left 
ventricle lead placement. After a suitable branch is identi- 
fied, the left ventricle lead is placed in the posterior or 
posterolateral branch of the CS. Once positioned, the right 
and left ventricle leads are paced simultaneously, thus 
achieving synchronization with atrial contraction. 

[0006] For many patients, cannulating the CS is the one-step 
procedure of choice for biventricular lead placement. 
However, in over 20% of these patients, lead placement in 
the CS may be unsuccessful or a very lengthy procedure, 
or the lead may become dislodged from the CS. Other dif- 
ficulties with this lead placement procedure may also in- 
clude unavailability of a suitable CS branch, significant ro- 
tation of the CS due to left atrium and left ventricle dila- 
tion, and the presence of the Tebesian valve therein. In 



most instances, these problems are identified only at the 
time of the interventional procedure, and thus the proce- 
dure is typically either completely abandoned or the pa- 
tient is brought back into the operating room for a second 
procedure where, through a surgical incision (an expen- 
sive and invasive procedure) the left ventricle lead is 
placed epicardially. 
[0007] Unfortunately, epicardial lead placement is not without its 
own pitfalls, some of which include: a limited view of the 
posterolateral area of the left ventricle using minithoraco- 
tomy; the limitation of placement sites providing reason- 
able pacing and sensing parameters; the inability to de- 
termine the distance of the left ventricle from the thoracic 
wall; the inability to identify the posterolateral or other ar- 
eas of the left ventricle that contracts last; the potential 
risk of damaging the coronary arteries and veins; the in- 
creased level of difficulty due to the presence of ex- 
trapericardial fat; the lack of visualization of normal ver- 
sus scarred tissue; and the difficulty in identifying the 
ideal pacing position as a result of one or more of the 
above. 

[0008] Accordingly, there is a need for an improved system and 
method for quantifying the desynchrony of the right and 



left ventricles so as to provide information for planning 

biventricular pacing interventional procedures. 
Brief Description of the Invention 



[0009] The above discussed and other drawbacks and deficien- 
cies of the prior art are overcome or alleviated by a 
method for quantifying cardiac desynchrony of the right 
and left ventricles. In an exemplary embodiment, the 
method includes obtaining cardiac acquisition data from a 
medical imaging system, and determining a movement 
profile from the cardiac acquisition data. The movement 
profile is directed toward identifying at least one of a 
time-based contraction parameter for a region of the left 
ventricle (LV), and a displacement-based contraction pa- 
rameter for a region of the LV. The determined movement 
profile is visually displayed by generating a 3D model 
therefrom. 

[0010] | n another aspect, a method for planning biventricular 
pacing lead placement for a patient includes obtaining 
cardiac acquisition data from a medical imaging system, 
and determining a movement profile from the cardiac ac- 
quisition data. The movement profile is directed toward 
identifying at least one of a time-based contraction pa- 
rameter for a region of the left ventricle (LV), and a dis- 



placement-based contraction parameter for a region of 
the LV. The determined movement profile is visually dis- 
played by generating a 3D model therefrom, and one or 
more coronary vessels are visualized on the generated 3D 
model. At least one suitable region is identified on the left 
ventricle wall for epicardial lead placement. 
1 ] In still another aspect, a method for planning biventricular 
pacing lead placement for a patient includes obtaining 
cardiac acquisition data from a medical imaging system, 
and determining a movement profile from the cardiac ac- 
quisition data. The movement profile is directed toward 
identifying at least one of a time-based contraction pa- 
rameter for a region of the left ventricle (LV), and a dis- 
placement-based contraction parameter for a region of 
the LV. The determined movement profile is visually dis- 
played by generating a 3D model therefrom, and one or 
more coronary vessels are visualized on the generated 3D 
model. At least one suitable region is identified on the left 
ventricle wall for epicardial lead placement. In addition, 
coronary sinus branches closest to the at least one suit- 
able region are identified and displayed or more left ven- 
tricle anatomical landmarks are identified on the 3D 
model, and saved views of the 3D model are registered on 



an interventional system for visualization and identifica- 
tion of a minimally invasive route for epicardial lead 
placement. 

[° 012 ] In still another aspect, a system for quantifying cardiac 
desynchrony of the right and left ventricles includes a 
medical imaging system for obtaining cardiac acquisition 
data. An image generation subsystem is configured to re- 
ceive the acquisition data and for determining a move- 
ment profile from the cardiac acquisition data. The move- 
ment profile is directed toward identifying at least one of 
a time-based contraction parameter for a region of the 
left ventricle (LV), and a displacement-based contraction 
parameter for a region of the LV. An operator console is 
configured for visually displaying the determined move- 
ment profile by generating a 3D model therefrom. 

[0013] | n s tj|| another aspect, a system for planning biventricular 
pacing lead placement for a patient includes a medical 
imaging system for generating acquisition data. An image 
generation subsystem is configured for receiving the ac- 
quisition data and for determining a movement profile 
from the cardiac acquisition data. The movement profile is 
directed toward identifying at least one of a time-based 
contraction parameter for a region of the left ventricle 



(LV), and a displacement-based contraction parameter for 
a region of the LV. An operator console is configured for 
visually displaying the determined movement profile by 
generating a 3D model therefrom, the operator console 
further configured for visualizing one or more coronary 
vessels on said generated 3D model. A workstation in- 
cludes post-processing software for registering saved 
views of the 3D model on an interventional system. The 
interventional system is configured for visualizing one or 
more of the registered saved views therewith and for 
identifying a minimally invasive route for epicardial lead 

placement. 
Brief Description of the Drawings 

[0014] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0015] Figure 1 is a schematic diagram of a medical imaging sys- 
tem, such as a computed tomography (CT) system, suit- 
able for planning biventricular lead pacing, in accordance 
with an embodiment of the invention; 

[0016] Figure 2 is a flow diagram of a method for planning 

biventricular pacing epicardial lead placement, in accor- 
dance with a further embodiment of the invention; 

[0017] Figure 3 is a fluoroscopic image illustrating a typical pro- 



cedure for bi-ventricular pacing; 
[0018] Figure 4 illustrates an image obtained through automatic 
detection of the endocardium and epicardium of the left 
ventricle; 

[0019] Figure 5 is a pair of 3D cardiac CT images in wire mesh il- 
lustrating the epicardium (outer wall) and endocardium 
(inner wall) of the LV at pre-systole and end systole; 

[0020] Figure 6 is a graph illustrating an example of the LV wall 
displacement profile of a middle slice of the LV at six pre- 
defined regions; 

[0021] Figure 7 is an exemplary angiogram of the coronary sinus 
and its branches; 

[0022] Figure 8 is a CT segmented, 3D model of the coronary si- 
nus and its branches; 

[0023] Figure 9 is a CT segmented translucent model of heart 
overlaid with the coronary sinus and its branches; 

[0024] Figure 10 is a cardiac CT image showing necrosed LV due 
to myocardial infarction; and 

[0025] Figure 11 is an image illustrating measurements of dis- 
tance from the CS ostium to the posterior lateral branch. 
Detailed Description of the Invention 

[0026] Disclosed herein is a cardiac imaging system and method 
for quantifying the desynchrony of the right and left ven- 



tricles so as to provide information for planning biventric- 
ular pacing interventional procedures enabling the practi- 
tioner (e.g., electrophysiologist, cardiologist, surgeon) to 
plan in advance the approach to take for the procedure. 
LV contractility can be visualized to identify the best loca- 
tion for placement of the LV epicardial pacing lead by, for 
example, determining the LV region that is the "last to 
contract" (i.e., a time-based contraction parameter). As 
used hereinafter, the term "last to contract" may be quan- 
tified as either last to start contraction or last to complete 
contraction by the exemplary method described in greater 
detail below. Alternatively, LV contractility can be visual- 
ized by determining the LV region that exhibits the most/ 
least amount of displacement with respect to a starting 
position at a given point in the cardiac cycle (i.e., a dis- 
placement-based contraction parameter). 
[0027] a s stated previously, cardiac resynchronization therapy 
(where both the right ventricle (RV) and the left ventricle 
(LV) are paced simultaneously) has been shown to be ef- 
fective in improving cardiac function in patients with CHF 
and LBBB. Figure 3 is a fluoroscopic image illustrating a 
typical procedure for bi-ventricular pacing that includes 
positioning the pacing electrodes in the right atrium and 



RV, and placing another pacing electrode on the LVvia 
coronary sinus or epicardially in an open chest procedure. 

[0028] However, irrespective of the particular method employed 
to place the LV pacing electrode, it is important to deter- 
mine the region of the LV that is contracting last or that 
displaces the most/least. This region is the optimal loca- 
tion of the pacing lead as it provides the most benefit to 
the patient. Accordingly, the present disclosure describes 
a method to quantify the mechanical delays of different 
segments of the LV, and to identify the region that con- 
tracts last and/or identify the region which displaces the 
most. Furthermore, this approach may similarly be used to 
determine the contraction in the RV as well. Although the 
exemplary embodiments illustrated hereinafter are de- 
scribed in the context of a computed tomography (CT) 
imaging system, it will be appreciated that other imaging 
systems known in the art (e.g., magnetic resonance, ultra- 
sound, 3D fluoroscopy) are also contemplated with regard 
to planning biventricular epicardial lead placement. 

[0029] | n addition, with a more detailed three-dimensional (3D) 
geometrical representation of the LV and its relationship 
to the thoracic wall, the practitioner can identify the con- 
traction delays of the LVwall, the presence of fat, the lo- 



cation and orientation of the major blood vessels and 
their branches and viable tissue which can be used for 
placement of the LV lead. Thus, the information obtained 
from the cardiac imaging system eliminates the need to 
place the lead blindly, avoiding many of the problems in- 
volved in using this approach, and allows for direct epi- 
cardial lead placement via a surgical incision or endo- 
scopic approach at the most beneficial location. The loca- 
tion of the incision and the lead placement can be planned 
in advance. Moreover, the epicardial lead may be regis- 
tered with an interventional system or fluoroscopy to en- 
able precise placement of the lead. 
[0030] Referring now to Figure 1, there is shown an overview of 
an exemplary cardiac computed tomography (CT) system 
100 with support for cardiac imaging. Again, it should be 
understood that the cardiac CT system 100 is presented 
by way of example only, since other imaging systems 
known in the art (e.g., magnetic resonance, ultrasound, 
3D fluoroscopy) may also be used in an embodiment of 
the present invention. A scanner portion 102 of the sys- 
tem 100 includes an EKC monitor 104 that outputs R- 
peak events into a scanner 106 through a scanner inter- 
face board 108. A suitable example of scanner interface 



board 108 is a Gantry interface board, and can be used to 
couple an EKG system to the scanner. The cardiac CT sub- 
system defined by scanner portion 102 utilizes EKG-gated 
acquisition or image reconstruction capabilities to image 
the heart free of motion in its diastolic phase, as well as in 
multiple phases of systole and early diastole. 

[0031] D a ta are outputted from the scanner portion 102 into a 

subsystem 110 that includes software for performing data 
acquisition, data control and image generation. In addi- 
tion, data that is outputted from the scanner 106, includ- 
ing R-peak time stamps, is stored in an acquisition 
database 112. Acquisition is performed according to one 
or more acquisition protocols that are optimized for 
imaging the heart and specifically the LV diastole and 
multiple phases in systole and early diastole. Image gen- 
eration is performed using one or more optimized 3D 
protocols for automated image segmentation of the CT 
image dataset for the LV and thoracic wall. 

[0032] The image data stream 114 is sent to an operator console 
116. The data used by software at the operator console 
116 for exam prescription and visualization is stored in an 
image database 118, along with the data from the image 
data stream 114. Display screens 120 are provided to the 



operator of the exam prescription and visualization pro- 
cesses. The image data may be archived, put on film or 
sent over a network 122 to a workstation 124 for analysis 
and review, including 3D post processing. The post pro- 
cessing software depicted in the workstation 124 includes 
one or more optimized 3D protocols and short axis proto- 
cols from an automated image segmentation of the CT 
image dataset for the LV anatomy, movement of LV walls 
during systole (i.e., LV contractility), epicardial fat loca- 
tion, location of viable tissue, blood vessels and their 
branches and orientation. 
[0033] The 3D protocols and short axis protocols of the post 

processing software enable the software to provide views 
of the LV, including blood vessels, branches and slow mo- 
tion cine of the LV, particularly the posterolateral wall or 
other areas of the LV. These special views and video (cine) 
clips may be saved into a 3D rendering of ventricle files 
126 and LV short axis images 128 for use by the practi- 
tioner for interventional planning and procedure. The post 
processing software also provides for the export of de- 
tailed 3D models 130 of the thoracic wall and ventricle 
surfaces. The 3D models 130 (which may be implemented 
through color coding, contouring, movie views, etc.) may 



be viewed on display screen 132 associated with worksta- 
tion 124 and are configured to include geometric markers 
inserted into the volume at landmarks of interest such 
that the thoracic wall and the LV are visualized in a 
translucent fashion with the opaque geometric landmarks. 

[0034] | n addition, the 3D models 130 may be in exported in any 
of several formats, including but not limited to: a wire 
mesh geometric model, a set of contours, a segmented 
volume of binary images, and a DICOM (Digital Imaging 
and Communications in Medicine) object using the radia- 
tion therapy (RT) DICOM object standard or similar object. 
Other formats known in the art can also be used to store 
and export the 3D models 130. 

[0035] Referring now to Figure 2, there is shown a flow diagram 
200 illustrating a method for interventional planning of 
bi-ventricular pacing lead placement, in accordance with a 
further embodiment of the invention. Beginning at block 
202, a volume of data is initially acquired on the cardiac 
CT system, using a protocol that is preferably optimized 
for the thoracic wall, RV and LV regions of the heart. At 
block 204, the image dataset is segmented with post- 
processing software using a 3D protocol and short axis 
protocols designed to extract the surfaces of the RV, LV 



and the RV and LV myocardium. Automated or semi- 
automated procedures may be employed, where appropri- 
ate, with or without queues from the operator (e.g., loca- 
tion of anteroposterior, left anterior oblique, posterolat- 
eral, oblique and right anterior oblique views). Figure 4, 
for example, illustrates an image obtained through auto- 
matic detection of the endocardium and epicardium of the 
left ventricle. This operation can be performed on short 
axis reformatted cardiac images for each phase and slice 
location to obtain the displacement profile, or on multi- 
phase, long axis reformatted cardiac images. 
[0036] Referring again to Figure 2, and as shown in block 206, a 
movement profile (e.g., a displacement and/or velocity 
profile) is then obtained at each of a designated number 
of locations on the LV and RV epicardium and endo- 
cardium by comparing the wall motion at each cardiac 
phase with respect to a reference phase. For example, this 
may be implemented with reference to Figure 5, which 
shows a pair of 3D cardiac CT images in wire mesh illus- 
trating the epicardium (outer wall) and endocardium 
(inner wall) of the LV at pre-systole and end systole. Simi- 
lar images are generated for different phases therebe- 
tween in order to determine the region of posterolateral 



LV that contracts last. With this information, optimal epi- 
cardial lead placement location may ultimately be deter- 
mined. 

[0037] Figure 6 is a graph illustrating an example of the LV wall 
displacement profile of a middle slice of the LV at six pre- 
defined regions (although an additional number of regions 
may also be used). In an exemplary embodiment, the six 
regions on the LV are defined as ISEP (Inferior Septal), 
ASEP (Anterior Septal), ANT (Anterior), ALAT (Anterior Lat- 
eral), ILAT (Inferior Lateral) and INF (Inferior). As can be 
seen from the graph, the ILAT location reaches its maxi- 
mum displacement (most contraction) with the greatest 
delay (i.e., the last region to finish contraction), and may 
thus be later identified as the optimal site for lead place- 
ment. 

[0038] After the LV and RV movement profiles are determined 
(whether through minimum/maximum displacement or 
velocity profiles), this information is then used in the gen- 
eration of a 3D model thereof, as shown in block 208 of 
Figure 2. In one embodiment, generated 3D models of the 
LV and RV may be overlaid with a color-coded map show- 
ing the maximum (or minimum) displacement or velocity 
of each region. Also, the region that starts (or finishes) 



contraction last may be visualized by displaying the time 
delay of maximum velocity (or displacement) of each re- 
gion on the model using additional numeric, contour line 
and/or color-coded displays. 

[0039] Thereafter, method 200 proceeds to block 210 for visual- 
ization of the major coronary vessels and structures (e.g., 
the coronary sinus, coronary arteries, thoracic wall, LV 
walls, blood vessels and epicardial fat) on a translucent 3D 
model of the heart using 3D surface and/or volume ren- 
dering. Notwithstanding the location(s) of the desired epi- 
cardial pacing lead placement, the major vessel locations 
are also used to determine whether the lead can in fact be 
placed at the desired location through minimally invasive 
techniques. This can avoid placement of leads onto re- 
gions proximal to major vessels that may otherwise cause 
complications. For example, Figure 7 is an exemplary an- 
giogram of the coronary sinus and its branches, further il- 
lustrating the position of the RV lead with respect to the 
vessel locations. Figure 8 is a CT segmented, 3D model of 
the coronary sinus and its branches, while Figure 9 illus- 
trates aCT segmented translucent model of heart overlaid 
with the coronary sinus and its branches. 

[0040] as shown in block 212 of Figure 2, method 200 further 



identifies and visualizes any existing necrosed tissue on 
the LV/RV with a perfusion study or coronary imaging 
study. If any such necrosed tissue is identified, then the 
location thereof is disqualified as the most suitable site 
for lead placement in order to avoid placing leads onto in- 
effective regions. The location of any necrotic tissue is 
also visualized on the 3D model of the LV and RV. An ex- 
ample of such a visualization is presented in Figure 10, 
which illustrates a cardiac CT image showing necrosed LV 
due to myocardial infarction. Accordingly, given the loca- 
tion of the region of posterolateral LV that contracts last, 
the visualization of the major vessels and the location of 
necrosed tissue (if any), the identification of the most 
suitable and next most suitable site(s) for the lead place- 
ment on the LV posterolateral wall is completed, as shown 
in block 214 of Figure 2. 
[0041] Although the most suitable and next most suitable sites 
for lead placement may be identified through the above 
described imaging and visualization of the last to contract 
region, the major vessels and necrosed tissue, there is 
still the practical matter of being able to direct the pacing 
leads to those identified desired sites through minimally 
invasive means. Thus, method 200 proceeds to block 216, 



for identification of coronary sinus branches that are clos- 
est to the identified most suitable/next best suitable site. 
This identification may be completely automatic using im- 
age processing and pattern recognition techniques, as 
well as a combination of user interaction and automatic 
methods. As shown in block 218, any automated compu- 
tation of the best route for pacing lead placement is dis- 
played in the 3D coronary sinus model together with cer- 
tain quantification data including, but not limited to, ves- 
sel diameter, degree of stenosis, length of route, and an- 
gle between the main branch and sub-branch. 

[0042] The presentation of the results of the coronary sinus 
identification may be in the form of color-coded vessel 
branches on a 3D translucent heart and opaque desyn- 
chronized regions. Alternate presentations may be in the 
form of arrows with text or numeric codes for the CS 
branches overlaid on translucent heart and opaque desyn- 
chronized areas. In lieu of displaying the heart and the 
desynchronized areas in transparent and opaque formats, 
other colors and shades may be used. 

[0043] Additionally, as shown in block 220, method 200 may fur- 
ther include the quantification of certain relevant dimen- 
sions, such as: the diameter/circumference of major ves- 



sels (e.g., coronary sinus, posterior vein and posterior lat- 
eral vein); the distance and angle from the coronary sinus 
(CS) ostium to the CS posterior branch and posterior lat- 
eral branch (as shown in Figure 11); and the distance from 
the proxima of any of the above mentioned branches to 
the targeted lead placement location. These measure- 
ments can help in choosing the appropriate catheter size 
and estimating the distance that the catheter needs to be 
advanced in the CS before turned into the branches during 
a lead placement procedure. 
[0044] a s shown at block 222, the practitioner then identifies the 
most suitable area for placement of the epicardial pacing 
electrode on the LV wall, as well as the next best region(s) 
for placement thereof. In particular, the practitioner may 
identify the blood vessels on the epicardium of the left 
ventricle and eliminate the blood vessels and/or the my- 
ocardium directly under the blood vessels as a suitable 
region. The models also serve to provide a surgeon with a 
LV model and motion profile for placing an epicardial lead 
via an open chest procedure (i.e., a standby procedure for 
lead placement in the event that the coronary sinus route 
is not feasible). 

[0045] Proceeding now to block 224, explicit geometric markers 



are inserted into the volume at landmarks of interest, 
wherein the thoracic wall and LV may be visualized in a 
translucent fashion with the inserted opaque geometric 
landmarks. As illustrated at block 226, specific 3D ren- 
derings and axial images (as DICOM images/3D models, 
video clips, films, multimedia formats, etc.) are saved as 
desired for subsequent visual reference during the inter- 
ventional planning. The saved views are then exported 
and registered with the projection image on the fluo- 
roscopy system or alternatively, with the tomosynthesis 
images of the 3D fluoroscopy system, as shown in block 
228. The registration will provide an electrophysiologist 
with a real-time 3D visualization of the catheter with re- 
spect to the optimal lead placement. 

[0046] Finally, after the interventional system is accessed and the 
imported, registered models therewith are visualized by 
the practitioner. As shown in block 230, method 200 may 
also be used to generate specific graphical and numerical 
reports (e.g., contractility profile, color-mapped 3D 
model, dimension measurements, etc.) to be used for di- 
agnosis and interventional planning. 

[0047] | t w j|| De appreciated that automatic techniques may be 

employed to perform any of the above steps by using one 



or more of the several computer-assisted detection, local- 
ization and visualization methods available, such as quan- 
titative analysis of perfusion defects, localized contractility 
profile (LV wall movement), identification of blood vessels 
using the continuity of same intensity levels. Moreover, 
these methods could be either completely automatic when 
the procedure and the organ of interest is specified or 
partly interactive with input from the user. 

[0048] it w i|| further be appreciated that through the use of the 
above described method and system embodiments, the 
planning of bi-ventricular pacing is improved in that the 
imaging information generated and registered allows for 
an appropriately tailored approach to the interventional 
procedure. In choosing the appropriate approach, the du- 
ration of the procedure itself is reduced and any unneces- 
sary procedures are also eliminated. More particularly, a 
detailed 3D geometric and axial representation of the 
quantified delays of the mechanical contractions of the LV 
increases the precision of the biventricular pacing proce- 
dure. The identification of necrosed myocardium, if any, 
enables the practitioner to avoid such areas and place the 
LV epicardial lead on healthy, viable myocardium. 

[0049] while the invention has been described with reference to a 



preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best mode 
contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the 
scope of the appended claims. 



